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HELICALLY WOUND FLEXIBLE HOSE 

TECHNICAL FIELD 

This invention relates to a ?exible hose and, more 
particularly, to a helically Wound ?exible hose comprised of 
a ?exible material and a material more rigid than the ?exible 
material. 

BACKGROUND ART 

Helically Wound ?exible hoses are commonly used to 
convey ?uids. These hoses must be ?exible enough to alloW 
nobility during use, yet durable enough to Withstand the 
normal abuses associated With their environment, such as 
being dragged upon a surface such as a ?oor, being stepped 
upon, etc. These ?exible hoses can be subjected to both 
pressure and vacuum and must be able to sustain both of 
these forces. 

Flexible hoses are often used to convey liquid chemicals. 
In liquid chemical applications, the hose must be able to 
Withstand the pressure or vacuum of the application, the 
environment, and additionally must be chemically resistant. 
Prior art hoses built for chemical applications are formed of 
a ?exible material, or Web, and a more rigid material that are 
helically Wound in an interlocking manner to form a tubular 
channel. The more rigid material has a circular or oval 
cross-section and typically, a portion of the cross-section 
extends radially outWardly beyond the ?exible material on 
the exterior surface of the hose. This radially outWardly 
extending portion of the cross-section of the more rigid 
material helps to prevent damage to the ?exible material, 
such as that caused by friction from the hose being dragged 
across a surface. 

Problems With the prior art hoses arose When customers 
began demanding hoses having a greater chemical resistance 
and an ability to Withstand higher pressures. Some materials 
that provide excellent chemical resistance have loW 
strengths and, in the prior art con?guration are unable to 
Withstand the pressures demanded by the customers. 
Additionally, these hoses are susceptible to failure if the 
surface of the ?exible material becomes damaged because 
the more rigid material, With a circular or oval cross-section, 
concentrates the stress or strain caused from bending the 
hose on the exterior surface of the ?exible material. 
Consequently, When the prior art hose is subject to bending 
stresses and the high pressure application, the ?exible mate 
rial may peel aWay from the more rigid material and cause 
the hose to fail. 

US. Pat. No. 3,885,594 discloses a reinforced ?exible 
pipe having a tubular Wall formed of a soft synthetic material 
and a reinforcing spiral core of a hard synthetic resin 
material. The reinforced spiral core is substantially I-shaped 
and is partly exposed out of the pipe Wall. 
US. Pat. No. 4,120,628 discloses an apparatus for extrud 

ing a plastic tube having a spiral or helical tape or ?lament 
forming a reinforced skeleton of the tube. The spiral or 
helical tape or ?lament has a substantially S-shaped or a 
round cross-section. 

US. Pat. No. 4,587,145 discloses a ?exible hose com 
prising soft and hard members alternately disposed in a 
spiral form. The hose further has a connector element 
disposed through the center of the thickness of the soft 
member. The connector element comprises projected por 
tions that are interconnected to the hard member. The 
connector element further comprises a string member on 
Which projected portions are seWed. 
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SUMMARY OF THE INVENTION 

The ?exible hose of the invention is comprised of a 
?exible material and a material more rigid than the ?exible 
material. The ?exible material and the more rigid material 
are helically Wound and molded together to form a hose With 
an exterior surface and an interior surface. 

The cross-section of the more rigid material has at least 
tWo peninsulas, extending in longitudinally opposite 
directions, at least one radially inWardly extending 
peninsula, and at least one radially outWardly extending 
peninsula. The longitudinally extending peninsulas are 
embedded in the ?exible material and the radially extending 
peninsulas are at least partially embedded in the ?exible 
material. 

DEFINITIONS 

For ease of understanding this disclosure, the folloWing 
terms are de?ned. 

“Longitudinal” or “longitudinally” are used to mean 
directions along the length of the hose. 

“Peninsula” or “peninsulas” are used to mean one or more 

protrusions from a central area of the cross-section of the 
more rigid material. Each protrusion is surrounded on at 
least three sides by either the ?exible material, the hose 
interior, the atmosphere or any combination of these items. 
A side of each peninsula can be smooth, curved, or con 
toured. The central area of the cross-section of the more rigid 
material may vary in siZe from merely an intersection of 
multiple peninsulas to a larger body of the more rigid 
material. 

“Radial” or “radially” are used to mean directions toWard 
or aWay from the central axis of the hose. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention Will be described by Way of example and 
With reference to the accompanying draWings in Which: 

FIG. 1 is a vieW of the ?exible hose of the invention With 
a partial cut-aWay displaying the structure of the Wall of the 
hose; 

FIG. 2 is a cross-sectional vieW of the Wall of a second 
embodiment of the ?exible hose; 

FIG. 3 is a cross-sectional vieW of the Wall of a third 
embodiment of the ?exible hose; 

FIG. 4 is a cross-sectional vieW of the Wall of a fourth 
embodiment of the ?exible hose; 

FIG. 5 is a cross-sectional vieW of the Wall of a ?fth 
embodiment of the ?exible hose; 

FIG. 6 is a cross-sectional vieW of the Wall of a sixth 
embodiment of the ?exible hose; 

FIG. 7 is a cross-sectional vieW of the Wall of a seventh 
embodiment of the ?exible hose; 

FIG. 8 is a cross-sectional vieW of the Wall of a eighth 
embodiment of the ?exible hose; 

FIG. 9 is a cross-sectional vieW of the Wall of the 
preferred embodiment of the ?exible hose. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shoWs an embodiment of the ?exible hose 10 of the 
invention With a partial cut-aWay displaying the Wall of the 
hose 10. The Wall of the hose 10 is formed from a ?exible 
material 12 and a material 14 more rigid than the ?exible 
material 12. As shoWn, the ?exible material 12 and the more 
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rigid material 14 are helically Wound and molded together to 
form the hose 10. The hose 10 has an exterior surface 16 and 
an interior surface 18. The interior surface 18 forms the 
tubular channel of the hose 10 and may be contoured, 
textured, or smooth. Ideally, the interior surface 18 of the 
hose 10 is smooth. The exterior surface 16 of the hose 10, 
as depicted in FIG. 1, is contoured With the more rigid 
material 14 extending radially outWardly beyond the ?exible 
material 12 on the exterior surface 16 of the hose 10. The 
portion of the more rigid material 14 extending radially 
beyond the ?exible material 12 provides a resistant surface 
that prevents Wear to the ?exible material 12 of the hose 10. 
By extending radially beyond the ?exible material 12, the 
more rigid material 14 absorbs the friction When the hose 10 
is dragged on a ?oor or over other surfaces. This increases 
the Wear resistance of the hose 10 by focusing the Wear on 
the more rigid material 14. In addition to providing 
increased Wear resistance, the more rigid material 14 also 
helps to prevent the hose 10 from collapsing should a 
moderate load be placed upon it. Thus, if a person steps on 
the hose 10, the more rigid material 14 may be su?iciently 
strong to support the Weight of the person such that the hose 
10 Will not collapse and cut-off the ?oW of the ?uid being 
transported. 

The major advantage achieved by the hose 10 of the 
invention is its ability to Withstand higher stress or strain 
loads prior to failure. The cross-sectional shape of the more 
rigid material 14 is the key to the hose’s ability to Withstand 
these greater loads. The cross-section of the more rigid 
material 14 has at least tWo peninsulas 20 that extend in 
longitudinally opposite directions. Each longitudinally 
extending peninsula 20 is completely embedded in the 
?exible material 12 betWeen the interior surface 18 and the 
exterior surface 16 of the hose 10. The hose 10 also has a 
radially inWardly extending peninsula 22 and a outWardly 
extending peninsula 24. Each radially extending peninsula 
22, 24 is at least partially embedded in the ?exible material 
12. 
One result of this cross-sectional shape of the more rigid 

material 14 is an increase in the surface area of contact 
betWeen the more rigid material 14 and the ?exible material 
12, as compared to the prior art. Since the surface area of 
contact is increased, there is a greater dissipation of the 
stress or strain. This greater dissipation of the stress or strain 
alloWs the hose 10 to Withstand higher stress or strain loads 
prior to failing. Asecond result of this cross-sectional shape 
is that the stress or strain caused by bending the hose 10 is 
concentrated in the area betWeen the longitudinally extend 
ing peninsulas 20 of adjacent Windings of the more rigid 
material 14. By concentrating the stress or strain deeper into 
the Wall of the hose 10, the likelihood of failure due to 
damage on the exterior surface 16 is loWered. In the prior art 
hose, the stress or strain is concentrated on the exterior 
surface 16; thus, a small amount of damage in the area of 
concentrated stress or strain Was likely to cause a failure of 
the hose. A third result of the cross-sectional shape of the 
more rigid material 14 is a direct result of the radial and 
longitudinal peninsulas 20, 22, 24. The peninsulas 20, 22, 24 
give the more rigid material 14 a non-convex shape and 
create pockets 26 betWeen the radial and longitudinal pen 
insulas. As the hose 10 is bent, the ?exible material 12 that 
is under compression is forced into the pockets 26. The 
pockets 26 hold the ?exible material 12 in place and do not 
alloW it to be peeled off the more rigid material 14. 

FIG. 2 shoWs a cross-sectional vieW of the Wall of a 
second embodiment of the ?exible hose 10. The longitudi 
nally extending peninsulas 20 are completely embedded in 
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4 
the ?exible material 12 but are located nearer the exterior 
surface 16 of the hose 10 than the interior surface 18. If the 
hose 10 has an average thickness HT from the interior 
surface 18 to the exterior surface 16, then the longitudinally 
extending peninsulas 20 are located at least 10% of the 
thickness HT beloW the respective surface 16, 18 of the 
hose. FIG. 2 also shoWs the radially inWardly extending 
peninsula 22 and the outWardly extending peninsula 24 
completely embedded in the ?exible material. 

FIG. 3 shoWs a cross-sectional vieW of the Wall of a third 
embodiment of the ?exible hose 10. The embodiment of 
FIG. 3 is similar to that of FIG. 2; hoWever, the radially 
outWardly extending peninsula 24 extends beyond the ?ex 
ible material 12 on the external surface 16 of the hose 10. 
This extension beyond the ?exible material 12 increases the 
Wear resistance of the hose 10 by alloWing the more rigid 
material 14 of the hose 10 to absorb most of the friction 
causes by dragging the hose on the ?oor or other surfaces. 

FIGS. 4 and 5 shoW cross-sectional vieWs of the Wall of 
additional embodiments of the ?exible hose 10. In FIG. 4, 
the cross-section of the more rigid material 14 has four 
longitudinally extending peninsulas 20. Each longitudinally 
extending peninsula 20 extends in an opposite direction 
from a corresponding longitudinally extending peninsula 20. 
Again, each of the longitudinally extending peninsulas 20 is 
embedded in the ?exible material 12 and is located at least 
10% of the average thickness HT of the Wall from the 
respective surfaces 16, 18. FIG. 5 shoWs a cross-section of 
the more rigid material 14 that is similar to that in FIG. 4; 
hoWever, in FIG. 5, the radially outWardly extending pen 
insula 24 extends beyond the ?exible material 12 on the 
exterior surface 16 of the hose 10. 

FIG. 6 shoWs the cross-section of the Wall of another 
embodiment of the hose 10. The more rigid material 14 is 
molded to the ?exible material 12 such that each longitu 
dinally extending peninsula 20 is centrally located betWeen 
the interior surface 18 and the exterior surface 16. By 
centering each longitudinally extending peninsula 20, the 
stress or strain is concentrated at the furthest position 
possible from a respective surface 16, 18 of the hose 10. 

FIG. 7 shoWs the cross-section of the Wall of a seventh 
embodiment of the hose 10. The cross-section of the more 
rigid material 14 in this embodiment is cross-shaped. The 
respective Windings of the more rigid material 14 in FIG. 7 
are much closer together than those shoWn in FIG. 6. The 
distance betWeen adjacent Windings of the more rigid mate 
rial 14 can be varied depending upon the required ?exibility 
of the hose 10. If the Windings of the more rigid material 14 
are close together, as shoWn in FIG. 7, the hose 10 Will be 
less ?exible than if the Windings of the more rigid material 
14 are separated by a longer portion of ?exible material 12, 
as shoWn in FIG. 6 

FIG. 8 shoWs a cross-sectional vieW of the Wall of an 
eighth embodiment of the ?exible hose 10. In this 
embodiment, the more rigid material 14 near the exterior 
surface 16 is Wider than it is near the interior surface 18. This 
embodiment alloWs for increased ?exibility of the hose 10 
With a given amount of the more rigid material 14 extending 
beyond the exterior surface 16 of the ?exible material 12. 
The large external surface area of the more rigid material 14 
gives the hose 10 increased Wear resistance. 

FIG. 9 shoWs a cross-sectional vieW of the preferred 
embodiment of the ?exible hose 10. In the preferred 
embodiment, the more rigid material 14 has a Width greater 
than its height. The primary purpose for the greater Width of 
the more rigid material 14 is the cross-sectional shape of the 
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more rigid material 14 is very difficult to extrude. As such, 
the more rigid material 14 is extruded in tWo sections that 
become molded together at a mold line 28. Ideally, the 
exterior surface 16 of the hose 10 Will consist of betWeen 
25% to 50% of the more rigid material 14 and betWeen 50% 
to 75% of the ?exible material 12. This alloWs the hose 10 
to remain ?exible While having a durable exterior surface 16. 
In the preferred embodiment, betWeen 10% to 25% of the 
radially outWardly extending peninsula 24 extends beyond 
of the ?exible material 12. In the preferred embodiment, the 
hose 10 has only tWo longitudinally extending peninsulas 20 
and each is centrally located betWeen the respective surfaces 
16, 18 of the hose 10. By centraliZing the longitudinally 
extending peninsulas 20, the stress or strain is centraliZed in 
the Wall of the hose 10 and aWay from the surfaces 16, 18. 
Although each of the depicted embodiments shoWs the more 
rigid material being symmetrical, the cross-sectional shape 
can be asymmetrical. 

To manufacture this hose, the more rigid material 14 and 
the ?exible material 12 are simultaneously extruded. The 
extruded more rigid material 14 and ?exible material 12 are 
then brought together such that they mold together in an 
interlocking manner. The more rigid material 14 and the 
?exible material 12 are then helically Wound to form the 
hose 10. In the preferred embodiment, one half of the more 
rigid material 14 is extruded on each side of the ?exible 
material 12. The combination is then helically Wound such 
that the tWo halves of the more rigid material 14 mold 
together at the mold line 28. 

This invention strengthens a hose 10 made from a Weaker, 
more chemically resistant, ?exible material 12. The inven 
tion increases the area of contact betWeen the more rigid 
material 14 and the ?exible material 12. This greater area of 
contact dissipates the stress or strain When the hose 10 is 
bent a given amount. The invention also concentrates the 
stress or strain into the central portion of the ?exible material 
12 and aWay from the surfaces 16, 18. Thus, damage to the 
exterior surface 16 of the ?exible material 12 is less likely 
to cause a failure of the hose 10. 

In the preferred embodiment, the more rigid material 14 
of the ?exible hose 10 is made from polypropylene. The 
?exible material 12 is a thermoplastic elastomer. Such 
thermoplastic elastomers are sold by Advanced Elastomer 
Systems under the tradename Santoprene, by DuPont under 
the tradename Hytrel, and by Shell under the tradename 
Kraten. A preferred thermoplastic elastomer for use in this 
invention is a dynamically vulcaniZed blend of polypropy 
lene With EPDM (ethylene-propylene-diene monomer) rub 
ber. Such a thermoplastic elastomer is disclosed in US. Pat. 
No. 4,130,535, the teachings of Which are incorporated 
herein by reference in their entirety. 

The increased strength of the hose 10 has been proven by 
a series of burst tests on hoses having a 50 psi Working 
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pressure. The prior art hose, having a more rigid material 
With a circular cross-section made of polypropylene and a 
?exible material made of Santoprene, had an actual burst 
pressure ranging from 98 psi to 127 psi. The hose of the 
invention, having a more rigid material made of polypro 
pylene in a cross-sectional shape of the preferred embodi 
ment of FIG. 9 and a ?exible material made of Santoprene, 
had an actual burst pressure ranging from 153 psi to 170 psi. 

What is claimed is: 
1. A?exible hose (10) comprising a ?exible material (12) 

and a material (14) more rigid than the ?exible material (12), 
the more rigid material (14) and the ?exible material (12) 
being helically Wound and molded together to form a hose 
(10) With an exterior surface (16) and an interior surface 
(18), the hose (10) being characteriZed by: 

the cross-section of the more rigid material (14) having at 
least tWo peninsulas (20), extending in longitudinally 
opposite directions, at least one radially inWardly 
extending peninsula (22), and at least one radially 
outWardly extending peninsula (24), the longitudinally 
extending peninsulas (20) being embedded in the ?ex 
ible material (12) and the radially extending peninsulas 
(22, 24) being at least partially embedded in the ?exible 
material (12). 

2. A ?exible hose (10) as in claim 1, the hose (10) being 
further characteriZed by: 

the ?exible material (12) having an average thickness HT 
measured from the interior surface (18) of the hose (10) 
to the exterior surface (16) of the hose (10), the 
longitudinally extending peninsulas (20) being embed 
ded in the ?exible material (12) at least 10% of the 
thickness HT of the ?exible material (12) beloW each 
surface (16, 18) of the hose (10). 

3. A ?exible hose (10) as in claim 1, the hose (10) being 
further characteriZed by: 

the radially outWardly extending peninsula (24) extending 
radially beyond the ?exible material (12) on the exter 
nal surface (16) of the hose (10). 

4. A ?exible hose (10) as in claim 1, the hose (10) being 
further characteriZed by: 

each longitudinally extending peninsula (20) being cen 
trally located in the ?exible material (12) betWeen the 
interior surface (18) and the exterior surface (16) of the 
hose (10). 

5. A ?exible hose (10) as in claim 1, the hose (10) being 
further characteriZed by: 

the radially inWardly extending peninsula (22) extending 
to form a portion of the interior surface (18) of the hose 

(10). 


